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METHOD AND DEVICE FOR MEASURING HEART RATE, AND METHOD FOR 
MANUFACTURING THE DEVICE 

FIELD 

[0001] The invention relates to a nneasuring device and a measuring 
method arranged to measure non-invasively the heart function of a user on 
whose hand the measuring device has been attached. 

BACKGROUND 

[0002] Heart rate measurement is based on monitoring the function 
of the heart. When the heart contracts it causes a series of electric impulses 
that can be measured in the body. The measurement and analysis of this sig- 
nal is called electrocardiography (EKG), and the signal itself is known as an 
EKG signal. Different phases of the heart cycle can be distinguished in the sig- 
nal. 

[0003] Heart rate can be measured with a measuring device similar 
to a wristwatch, for example, the device measuring an EKG signal from the 
user's hands. The measuring device comprises a measuring unit that may con- 
tain for example an electronic signal processing unit for processing the EKG 
signal, a display, a user interface, and a wristband portion for attaching the 
measuring device to the user's hand. The inner measuring device surface that 
sets against the hand is provided with one or more electrodes, each one of 
which is in contact with the skin and connected to the signal processing unit of 
the measuring unit. The measuring unit further comprises a second electrode 
on the outer surface of the measuring device. This electrode is also connected 
to the signal processing unit, and to produce a contact with the electrode, the 
user must touch it with one finger of his/her other hand. With each hand thus in 
contact with a separate electrode, the signal processing unit is capable of 
measuring and processing the EKG signal transmitted by the electrodes. 

[0004] However, this kind of measurement involves a number of 
problems. When the measuring device is touched with one hand, also the hand 
to which the measuring device is attached is pressed. The forces acting be- 
tween the hands thus vary considerably, particularly during motion, which im- 
pairs the measurement contact, the quality of the detected EKG signal, and 
thereby also the measurement result. Moreover, it is difficult to keep the finger 
on the small electrode of the measuring device, and occasionally the contact 
may be lost, which further impairs the measurement and may even cause it to 



fail. A lateral hand movement in particular causes motion-related disturbance 
in a signaL 

BRIEF DESCRIPTION 

[0005] It is an object of the invention to provide an improved meas- 
uring device, a manufacturing method thereof, and a measuring method to al- 
low a more reliable measuring device and measuring to be obtained. 

[0006] This is achieved by a heart rate measuring device to be at- 
tached around a user's hand, the device comprising: attaching means which 
are fixed to the measuring unit; an inner surface arranged to be in contact with 
the skin of the hand to which the device is attached; an outer surface, i.e. a 
surface other than the inner surface; an electrically conductive inner structure 
provided on the inner surface of the measuring device and functioning as an 
electrode for a contact with the skin of the hand to which the device is at- 
tached; an electrically conductive outer structure functioning as an electrode 
for a contact with the user's other hand and electrically isolated from the elec- 
trically conductive inner structure; a measuring unit to which the electrically 
conductive outer structure and inner structure are connected for heart rate 
measurement. The device is characterized in that: the electrically conductive 
outer structure of the measuring device extends at least to opposite sides of 
the hand to which the device is attached; the electrically conductive outer 
structure comprises at least one electrode on the outer surface of the measur- 
ing device, on opposite sides of the hand to which the measuring device is at- 
tached, which at least one electrode the user is to touch with separate fingers 
of his/her other hand from opposite directions of the hand to which the device 
is attached; and the at least one electrode is connected to the measuring unit 
with a wire inside the wristband. 

[0007] The invention further relates to a method for manufacturing a 
heart rate measuring device to be attached around a user's hand with attach- 
ing means which are fixed to the measuring unit; the method comprising: pro- 
viding an electrically conductive inner structure on an inner surface of the 
measuring device, the inner surface being in contact with the skin of the hand 
to which the device is attached and at least part of the electrically conductive 
inner structure being meant to function as an electrode for the skin contact with 
the hand to which the device is attached; providing an electrically conductive 
outer structure on an outer surface of the measuring device to provide an elec- 



trode for a contact with the user's other hand, the electrically conductive outer 
structure being electrically isolated from the electrically conductive inner struc- 
ture, the outer surface referring to a measuring device surface other than the 
inner surface; providing a measuring unit with signal processing means; and 
connecting the electrically conductive outer structure and inner structure to the 
signal processing means of the measuring unit for heart rate measurement. 
The method further comprises: producing at least one electrode of the electri- 
cally conductive outer structure on the outer surface of the measuring device, 
on opposite sides of the hand to which the device is attached; and connecting 
the electrode to the measuring unit with a wire inside the wristband. 

[0008] The invention still further relates to a method for measuring 
heart rate, in which method a measuring device is attached around a user's 
hand, the method comprising: bringing the user's hand to which the measuring 
device is attached into contact with an electrically conductive inner structure 
provided on an inner surface of the measuring device that sets against the skin 
of the hand to which the device is attached; bringing the user's other hand into 
contact with the device as the user touches with his/her other hand an electri- 
cally conductive outer structure provided on the outer surface of the measuring 
device on the hand to which it is attached, the outer surface referring to a 
measuring device surface other than the inner surface; and connecting heart 
rate from the separate hands of the user via the electrically conductive outer 
structure and inner structure to the measuring unit for heart rate measurement. 
The method further comprises: bringing the user's other hand into contact with 
the device by having the user touch with the fingers of his/her other hand at 
least one electrode of the electrically conductive outer structure, on the outer 
surface of the measuring device and on opposite sides of the hand to which 
the device is attached, the electrode being connected to the measuring unit 
with a wire inside the wristband. 

[0009] Preferred embodiments of the invention are disclosed in the 
dependent claims. 

[0010] The invention is based on providing a measuring device with 
an electrically conductive outer surface for heart rate measurement on oppo- 
site sides of a hand to which the device is attached. This enables a firm and 
convenient grip to be taken both of the measuring device and the hand to 
which it is attached. 



[0011] The solution of the invention provides a number of advan- 
tages. The contact made by both hands becomes reliable and contact imped- 
ance is reduced, due to increased contact surface between the measuring de- 
vice and the skin as a result of an increase in the number of electrodes or in 
their surface. Also in demanding measuring conditions, the hold of the other 
hand from the measuring device and the electrodes can be made strong, firm 
and, as regards the contact force, more uniform. The electrodes are subjected 
to forces acting from opposite directions, which considerably reduces contact 
disturbance caused to the electrodes by the movement of the hands, because 
a decrease in contact force on one side increases contact force on the other 
side. This way also the reliability of the heart rate measurement is improved. 

LIST OF FIGURES 

[0012] In the following the invention will be described in greater de- 
tail with reference to the preferred embodiments and the accompanying draw- 
ings, in which, 

Figure 1 illustrates a heart rate monitor of the invention to be at- 
tached around a hand; 

Figure 2A is a side view of a plane figure of a measuring device; 

Figure 2B is a three dimensional view of the measuring device; 

Figure 3A illustrates an implementation of an outer electrode fomri- 
ing a semi-circle that extends from the upper side of the hand to which the de- 
vice is attached to the underside thereof; 

Figure 3B illustrates an implementation of an outer electrode form- 
ing a semi-circle that extends from one side of the hand to which the device is 
attached to the other side thereof; 

Figure 4A is a side view of a measuring device, illustrating an outer 
electrode implemented on the entire outer surface of the device; 

Figure 4B is a top view of a measuring device, illustrating an outer 
electrode implemented on the entire outer surface of the device; 

Figure 5 is a flow diagram of a method for manufacturing the meas- 
uring device; and 

Figure 6 is a flow diagram of a method for measuring heart rate. 

DESCRIPTION OF EMBODIMENTS 

[0013] The disclosed solution will be first examined with reference 
to Figure 1. A measuring device 100 is attached to a user's hand 150 in the 
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same way as a wristwatch. The measuring device 100 is usually attached to 
the wrist, although the exact position of the device on the hand is not relevant 
to the disclosed solution, only the fact that the measuring device 100 can be 
attached to one of the user's hands 150. The measuring device 100 of the dis- 
closed solution comprises a measuring unit 102 and attaching means 104. The 
attaching means 104 with which the measuring device 100 is attached to the 
user's arm may be similar to the wristbands of wristwatches. The measuring 
unit 102 is usually a heart rate monitor or a wrist computer and it comprises a 
casing containing for example signal processing means for electric processing 
of signals, a display for displaying information, and a user interface (these be- 
ing not shown in Figure 1). The measuring device has electrodes 106 and 110 
on opposite sides of the hand 150 to which the device is attached. In Figure 1 
electrode 106 provided on the outer surface of the measuring device is ar- 
ranged on the measuring unit 102 and meant for contact by the user's other 
hand 152. Electrode 108, arranged on the inner surface of the measuring de- 
vice 102 in Figure 1, is in turn meant for contact with the skin of the hands 150 
to which the measuring device is attached. Electrodes 106 and 108 are electri- 
cally isolated from one another. 

[0014] Next, the disclosed solution will be examined in greater detail 
with reference to Figures 2A and 2B. The measuring device 100 comprises an 
electrically conductive outer structure 200 connected to signal processing 
means 204 of the measuring unit 102. The electrically conductive structure 200 
produced on the outer surface of the device may form, for example, at least 
one electrode 110 which may cover a large part of the outer surface. The outer 
surface may also comprise at least two electrodes 106, 110, which do not nec- 
essarily cover the outer surface as a whole but, instead, the electrodes 106, 
110 may form areas separated from each other by an insulating outer surface. 
The electrically conductive outer structure 200 may, however, comprise a wire 
202 inside the wristband 104. The wire 202, which may be a proper electrical 
wire or a wire made of some other kind of electrically conductive material, such 
as a conductive polymer, may connect electrode 110 to the measuring device. 
The wire 202 may also be used to connect electrode 106 to electrode 110, 
electrodes 110 and 106 being on opposite sides of the hand to which the 
measuring device is attached. The wire 202 is coupled to the signal processing 
means 204. The measuring device of the disclosed solution further comprises 
an electrically conductive inner structure 210, which is also connected to the 



signal processing means 204. The conductive inner surface 210 may also 
comprise a number of separate electrodes 108, 214. Thus the inner surface 
210 may comprise at least one electrode 214 coupled to the processing means 
204 with a wire 212 inside the wristband 104. When at least two electrodes 
108, 214 are Involved, the electrodes 108, 214 may be coupled together and to 
the processing means 204 with the wire 212 inside the wristband 104 similarly 
as in the case of the outer conductive surface 200. The wire 212 may be a 
proper electrical wire or a wire made of some other kind of electrically conduc- 
tive material, such as a conductive polymer. 

[0015] The signal processing means 204 measure heart rate from 
signals received from the outer and inner structure, and from the signal proc- 
essing means 204 a measured signal can then be supplied in a wireless or 
wired transmission to a computer, for example. The signal processing means 
204 can be implemented using separate logic components or one or more 
ASIC circuits (Application Specific Integrated Circuit), for example. 

[0016] Without the connection established via the skin and the sig- 
nal processing means 204, there is no galvanic contact between the electri- 
cally conductive outer structure 200 and inner structure 210, but they are elec- 
trically isolated or separated from one another by a weakly conductive material 
(having an impedance greater than the impedance between the skin and the 
electrodes). They may be separated by plastic or some other electrically isolat- 
ing or weakly conductive material of the wristband 104 and the measuring unit 
102. In addition to or instead of the electrode 108 that is in the inner structure 
210, under the measuring unit 102, the measuring device 100 may comprise 
electrode 214 that belongs to the inner structure 210 coupled to the signal 
processing means through a wire that also belongs to the inner structure 210. 
If electrode 108, coupled to the signal processing means 204 of the measuring 
unit 102, is used, electrode 214 may be coupled to electrode 108 by the wire 
212. Electrode 214 reduces contact impedance between the hand and the 
measuring device. 

[0017] Figure 2B illustrates the same implementation alternative as 
Figure 2A. In the disclosed solution at least part of the electrically conductive 
outer structure 200 meant for contact with the other hand is located, as indi- 
cated by its name, on the outer surface 250 of the measuring device 100. The 
part of the electrically conductive outer structure 200 on the outer surface 250 
of the measuring device may form one or more electrodes. Examples of these 



are electrode 106 and electrode 110 (not shown in Figure 2B). The outer sur- 
face 250 may be considered to refer to the entire surface of the measuring de- 
vice 100, apart from the surface that comes into contact with the hand to which 
the device is attached. Similarly, at least part of the electrically conductive in- 
ner structure meant for contact with the hand to which the device is attached is 
located, as indicated by its name, on the inner surface 252 of the measuring 
device, the inner surface referring to the measuring device 100 surface that is 
in contact with the skin of the hand to which the device is attached. The part of 
the electrically conductive inner structure is electrode 214 (and/or electrode 
108, which is not shown in Figure 2B), for example. 

[0018] Figure 3A shows one of many methods of implementing an 
electrically conductive structure. According to this alternative, the entire electri- 
cally conductive outer structure 200 is arranged on the outer surface 250 of the 
annular measuring device 100 in the form of a semi-circle, which allows the 
electrically conductive outer structure 200 as a whole to function as an elec- 
trode for the user^s other hand 152. In the disclosed solution fingers of the 
other hand 152 are used for taking a pinch grip of the measuring device 100 
such that the hand to which the device is attached is left between the fingers, 
for example the forefinger 154 and the thumb 156. The forefinger 156. for ex- 
ample, touches one end of the electrically conductive outer structure repre- 
senting electrode 110, while the thumb touches the other end of the electrically 
conductive outer structure representing electrode 106. 

[0019] The electrically conductive, semi-circular outer structure 200 
can be arranged on the outer surface 250 of the measuring device also in the 
manner shown in Figure 3B. In this solution the electrically conductive outer 
structure 200 is not on the measuring unit 102 at all, but entirely on the wrist- 
band, which is why there is no need to touch the measuring unit 102 with the 
fingers of the other hand. The display on the measuring unit 102 of the meas- 
uring device 100 can thus be viewed without the other hand disturbing visibility. 
Instead of a semi-circle, the electrically conductive outer structure 200 may be 
arranged in the form of a longer portion on the outer surface 250 of the meas- 
uring device 100. An electrically conductive structure 200 slightly smaller than 
a semi-circle is also possible, but according to the disclosed solution it must be 
possible to take a pinch grip of the measuring device 100 with the fingers of 
the other hand so that the hand to which the device is attached is left between 
the fingers that touch the electrically conductive outer structure 200, and the 



8 

contact force applied through the fingers on parts of the electrically conductive 
outer structure 200 presses these parts towards each other. This kind of situa- 
tion appears when the electrically conductive outer structure 200 on the meas- 
uring device 100 extends to opposite sides of the hand to which the device is 
attached and when at least portions of the structure that are on opposite sides 
of the hand to which the measuring device 100 is attached are arranged on the 
outer surface of the measuring device. 

[0020] Figure 4A shows one of many methods of implementing the 
electrically conductive structure. In this solution the electrically conductive 
outer structure 200 extends in a circular manner around the entire measuring 
device 100, on the outer surface thereof. Figure 4B illustrates the solution of 
Figure 4A by showing the measuring device of Figure 4A from above. The 
measuring device 100 may be entirely covered with the electrically conductive 
outer structure. However, the display 400, for example, is not necessarily 
coated with the electrically conductive outer structure 200, for example, al- 
though it is possible to produce a transparent layer made of an electrically 
conductive material (an Indium-Tin-Oxide, or ITO, layer) onto the display 400. 

[0021] Finally, with reference to Figures 5 and 6 and to some of the 
subject matter already discussed, the manufacture of a measuring device and 
the measurement of heart rate with the device will be discussed. Figure 5 is a 
flow diagram illustrating a method for manufacturing the measuring device. In 
step 500 the electrically conductive inner structure is placed on the inner sur- 
face of the measuring device. In step 502 the electrically conductive outer 
structure is arranged to the measuring device in such a way that at least part of 
the structure is on opposite sides of the hand to which the device is attached. 
The electrically conductive outer structure and inner structure may be made of 
electrically conductive plastic or metal. The electrically conductive material 
may be provided as a coating on the outer and/or inner structure. In step 504 
the measuring device is provided with signal processing means. In step 506 
the electrically conductive outer structure and inner structure are connected to 
the signal processing means for heart rate measurement. 

[0022] Figure 6 is a flow diagram of the measurement method. In 
step 600 the electrically conductive inner structure makes contact with the 
hand to which the device is attached. In step 602 at least parts of the electri- 
cally conductive outer structure make contact with the other hand, these parts 
being on opposite sides of the hand to which the measuring device is attached. 
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In step 604, heart rate is measured from both hands of the user by means of 
the electrically conductive outer structure and inner structure. The measure- 
ment may be activated for example when the impedance between the electri- 
cally conductive outer structure and inner structure is less than one megohm 
due to the electrical conductivity of the skin between the skin contacts. Another 
way to ensure that the measurement is activated is to use a pressure-sensitive 
PVDF (polyvinylidenefluoride) film in the electrically conductive outer structure 
(and/or inner structure) at the locations brought into contact with the hand. The 
PVDF film transmits to the measuring unit an electric signal corresponding to 
the applied pressure and when the pressure exceeds a predetermined thresh- 
old value, a conclusion can be made that a sufficiently good contact has been 
created between the hands and the measuring device. Instead of this activa- 
tion mechanism, the device may be activated by a mechanic switch. Meas- 
urement of heart rate in the measuring unit may be based on detecting, in 
manner known per se, an R peak of a QRS complex appearing in the signal, or 
on identifying the QRS complex in an EKG signal by means of a matched filter. 
The letters Q, R, and S in the QRS complex refer to potential phases, known 
per se, appearing in the functioning of the heart. 

[0023] Although the invention is disclosed above with reference to 
examples illustrated in the accompanying drawings, it is apparent that the in- 
vention is not restricted thereto, but can be varied in many ways within the 
scope of the appended claims. 



